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Die Erfindung betrifft die Verwendung von Extraktionsmitteln zur Gewinnung 
von Homo- oder Copolymerisaten der Hydroxyalkansauren aus solchen Stof- 
fen, welche diese Hydroxyalkansauren enthalten Oder zur Gewinnung von 
Homo- oder Copolymerisaten der Hydroxyalkansauren in ihrer Form aus verun- 
reinigten Polyhydroxyalkansauren oder deren Recyclaten. 

Verschiedene Mikroorganismen bilden unter bestimmten Fermentationsbedin- 
gungen polymere Hydroxyalkansauren, wie zum Beispiel Poly-ft-Hydroxybut- 
tersaure oder Polyhydroxyvaleriansaure. Zur Gewinnung dieser Polyester aus 
der Bakterienbiomasse sind verschiedene Verfahren der Extraktion mit L6- 
sungsmitteln bekannt, die als spezifische Losungsmittel chlorierte Kohlenwas- 
serstoffe, wie Chloroform (US-PS 3275610) oder 1 ,2-Dichlorethan (EP-PS 
14490, EP-PS 15123), deren Mischung mit einem Alkohol (US-PS 3044942) 
oder Pyridin (US-PS 3036959) einsetzen. Nach DD 229428 A 1 kommt Essig- 
saureanhydrid als Extraktionsmittel fur die Gewinnung von Poly-C-Hydroxybut- 
tersaure zur Anwendung, jedoch mit dem Nachteil eines nicht vollstandig von 
Restgertichen freien Polyesters. 

In US-PS 41 01 533 werden cyclische Kohlensaureester wie Ethylen- oder Pro- 
pylencarbonat als Losungsmittel fur Poly-G-Hydroxybuttersaure vorgeschlagen. 
Da diese Extraktionsmittel jedoch in heifiem Zustand eine erhfihte AggressivitSt 
aufweisen, ist ein gefahrloser Einsatz nicht in jedem Fall gewahrieistet. 

In der Patentschrift DD 239609 A1 wird zur Gewinnung von Poly-ft-Hydroxybut- 
tersaure aus getrockneter Bakterienbiomasse als Extraktionsmittel eine Mi- 
schung aus 1,2-Dichlorethan und Methanol im Verhaltnis 1 : 5 bis 1 : 30 einge- 
setzt, wobei die Extraktionstemperaturen zwischen 40 "C und 75 °C betra- 
gen. 



WO 97/08931 



-2- 



PCT/DE96/01660 



in einem Temperaturbereich der Extraktion zwischen 100 °C bis 150 °C stellt 
die EP-PS 0355 307 B 1 ein Verfahren zur Extraktion von Poly-B-Hydroxybut- 
tersaure vor, bei welchem Diole, acetalisierte Triole, Di- Oder Tricarbonsau- 
reester, deren Gemische oder (J -Butyrolacton zum Einsatz kommen. 

Dem uberwiegenden Teil der vorgeschlagenen Extraktionsmittel ist jedoch 
nachteiiig, daB durch eine notwendige lange Extraktionszeit eine Depolymeri- 
sierung der Poiyhydroxyaikansauren auftritt, so daB bei diesen Methoden ent- 
weder eine schlechte Ausbeute oder ein Abbau des Molekulargewichtes der 
Poiyhydroxyaikansauren in Kauf genommen werden mufi. Andererseits zeigt 
sich auch bei den angewendeten hohen Extraktionstemperaturen zwischen 
100 °C und 150 °C ein Abbau des Molekulargewichtes, was fur die Anwen- 
dung der Poiyhydroxyaikansauren oder deren Copolymere als Thermoplast 
nachteilige Folgen hat 

Der Erfindung liegt die Aufgabe zugrunde, fur die Gewtnnung von Homo- oder 
Copolymerisaten der Hydroxyalkansauren ein mit Wasser mischbares Extrakti- 
onsmittel vorzuschlagen, weiches das Molekulargewicht des Polymeren wah- 
rend des Behandlungsprozesses wenig beeinfluBt und physiologisch unbe- 
denklich ist 

ErfindungsgemaB wird die Aufgabe dadurch gelost, daB Methyllactat oder 
Ethyllactat als Extraktionsmittel eingesetzt wird. Das Herauslosen von Poiyhy- 
droxyaikansauren kann entweder aus dem Zellmaterial des Mikroorganismus 
direkt oder nach vorherigem AufschluB der Zellwande entsprechend bekannter 
Verfahren erfolgen. Es ist aber auch moglich, eine Verunreinigungen enthal- 
tende Polyhydroxyalkansaure mit dem Extraktionsmittel Methyllactat oder 
Ethyllactat zu behandeln, urn nach den bekannten Verfahrensschritten der 
Umfallung polymere Hydroxyalkansauren zu erhalten. 
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Mit dem erfindungsgemaBen Extraktionsmittel ist aber auch die Moglichkeit ge- 
geben, aus einem im Produktionsprozefi der Polyhydroxyalkansauren anfallen- 
den Abfall Oder aus einem zur Wiederverarbeitung bereitgestellten Recyclat 
ein Homo- Oder Copolymeres der Hydroxyalkansauren in reiner Form zu ge- 
winnen. 



Solche in Methyllactat oder Ethyllactat Idslichen polymeren Hydroxyalkansau- 
ren konnen Poly-S-Hydroxybuttersaure, Polyhydroxyvaleriansaure oder auch 
Polyhydroxypropionsaure sein sowie deren Copolymere. Dabei ist insbeson- 
dere das Copolymere von Polyhydroxybuttersaure und Polyhydroxyvalerian- 
saure von wirtschaftiichem Interesse. 

Zur Gewinnung von reinen polymeren Hydroxyalkansauren aus Zeilmaterial 
von Mikroorganismen oder aus verunreinigten Polyhydroxyalkansauren werden 
die bekannten Extraktionsverfahren angewendet, wobei das polymere Material 
vorher einer Trocknung unterzogen wird. Eine noch vorhandene Restfeuchte 
fuhrt bei der Extraktion zu einem erhohten Abbau des Molekulargewichtes. 

Die Extraktion mit dem erfindungsgemaBen Losungsmrttel Methyllactat erfolgt 
bei dessen Siedetemperatur, vorteilhaft jedoch bei Temperaturen von 100 bis 
1 10 °C, und die Extraktion mit Ethyllactat erfolgt bei einer Siedetemperatur von 
154 °C. Das Ausfallen der polymeren Hydroxyalkansauren kann mit Wasser 
erfolgen. Der groftte Teil der Extraktionsmittel nach dem Stand der Technik ist 
jedoch mit Wasser nicht mischbar. Das Extraktionsverfahren unter Verwendung 
von Methyllactat oder Ethyllactat gestattet jedoch ein problemloses Ausfallen 
der polymeren Hydroxyalkansauren aus deren Lbsung mit Wasser ohne Auftre- 
ten von Mischungslucken. 

Es sind aber auch andere aus dem Stand der Technik bekannte Fallmittel, wie 
Methanol oder niedrigsiedende Kohlenwasserstoffe wegen ihrer Mischbarkeit 
mit den Extraktionsmitteln Methyllactat Oder Ethyllactat einsetzbar. 
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Vorteilhaft kann das gelbste Polymer auch dadurch aus der beschriebenen Lo- 
sung gewonnen werden, indem diese auf tiefere Temperaturen, vorzugsweise 
auf 20 bis 30 °C abgekuhlt wird, aus dem entstandenen Gel die Hauptmenge 
des Losungsmittels durch mechanisches Abpressen entfernt wird und der ver- 
bleibende Losungsmittelrest mit Wasser Oder einem anderen mit den beschrie- 
benen Losungsmittel mischbaren Failmittel, z. B. Methanol ausgewaschen wird. 

Die erfindungsgemaa verwendeten Losungsmittel Methyllactat oder EthylJactat 
sind physiologisch in hohem MaBe fur Mensch und Tier vertragiich und als Zu- 
satzstoffe fur Lebensmittel unbedenklich. Somit haben die nach dem Behand- 
lungsverfahren der Extraktion moglicherweise im Polymerstoff zuruckbleiben- 
den Losungsmittelspuren bei den potentiellen Verwendungen keine storende 
Wirkung. 

Die Erfindung wird an folgenden Beispielen naher eriautert. 
Unter Fermentationsbedingungen wurde der Mikroorganismus Methylobacte- 
rium rhodesianum kultiviert. Die spruhgetrocknete Biomasse mit einem Gehalt 
von 35 % Polyhydroxybuttersaure (bezogen auf Feststoff) bei einer durch- 
schnittlichen Molmasse von 250 000 D wurde mit Methyllactat im Verhaltnis 
1 : 10 30 min bei 135 "C am Ruckflufi gekocht. Nach diesem Zeitraum waren 
85 % der Polyhydroxybuttersaure aus der Biomasse herausgeldst Durch 
Ausfallen in Wasser konnte ein kurzfasriger Niederschlag aus reiner Poly- 
hydroxybuttersaure erhalten werden, deren durchschnittliche Molmasse bei 
200 000 D lag. 

Spruhgetrocknete Biomasse vom Mikroorganismus Alcaligenes Eutrophus mit 
einem Gehalt von 60 % Polyhydroxybuttersaure (bezogen auf Feststoff) bei ei- 
ner durchschnittlichen Molmasse von 450 000 D wurde mit Methyllactat im 
Verhaltnis 1:10 30 Minuten bei 105 °C gekocht. Die Restfeuchte in der Bio- 
masse wurde durch eine Vorextraktion mit Methanol, bei 50 °C uber einen Zeit- 
raum von 2 Stunden und anschlieBender griindlicher Entfemung von Metha - 
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noispuren, minimiert. Bei der Extraktion mit Methyllactat bei 105 °C war nach 
einem Zeitraum von 30 Minuten 85 % der Polyhydroxybuttersaure aus der Bio- 
masse herausgelost. Durch Ausfallen in Wasser konnte ein kurzfasriger Nie- 
derschlag aus reiner Polyhydroxybuttersaure erhalten werden, deren durch- 
schnittliche Molmasse bei 350 000 D lag. 

Die Losung von Polyhydroxybuttersaure in Methyllactat wurde bei einer Tem- 
peratur oberhalb 70 °C in ein groGflachiges, planes Gefaa gegossen und auf 
Raumtemperatur abgekuhlt. Dadurch entstand ein einheitliches und kompaktes 
Gel. Durch mechanisches Abpressen konnte mindestens die Halfte des ver- 
wendeten Losungsmittels aus dem Gel entfemt werden. Damit erhohte sich der 
Gehalt an Polyhydroxybuttersaure im Gel von 5 % auf 13,5 %. Das restliche 
Losungsmittel wurde durch Auswaschen mit Wasser entfemt. 

Unter Fermentationsbedingungen wurde der Mikroorganismus Methylobacte- 
rium rhodesianum kultiviert. Die spriihgetrocknete Biomasse mit einem Gehalt 
von 35 % Polyhydroxybuttersaure (bezogen auf Feststoff) bei einer durch- 
schnittlichen Molmasse von 250 000 D wurde mit Ethyllactat im Verhaitnis 
1 : 10 30 min bei 154 °C im RuckfluB gekocht. Nach diesem Zeitraum waren 
85 % der Polyhydroxybuttersaure aus der Biomasse herausgelost. Durch 
Ausfallen in Wasser konnte ein kurzfasriger Niederschlag aus reiner Poly- 
hydroxybuttersaure erhalten werden, deren durchschnittliche Molmasse bei 
200 000 D lag. 
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Patentanspruche 



1. Verwendung von Methyllactat Oder Ethyllactat ais Extraktionsmittel zur Ge- 
winnung eines Homo- oder Copolymerisates von Hydroxyalkansauren aus 
einem dieses enthaltenden Staff. 

2. Verwendung von Methyllactat oder Ethyllactat nach Anspruch 1 zur Gewin- 
nung von Homo- oder Copolymerisaten von Hydroxy-alkansauren aus dem 
Zellmaterial von Mikroorganismen. 
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(57) A composition which comprises at least one powdered or flaked material admixed with at least one 
thermally depolymerisable polycarbonate, or a solution thereof, the thermally depolymerisable polycar- 
bonate containing the repeating units 



(Ri-O-^-O-RS-O-C-O) 



where R 1 and R 2 are the same or different and each independently represents a hydrocarbon group 
containing from 4 to 30 carbon atoms, the said group having a tertiary carbon atom, an allylic, 
propargyfic or benzylic group attached directly to at least one oxygen atom. 
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The present invention relates to a novel binder system and, in particular, to the use of a thermally 
depolymerisable polymer as a binder for powdered glass, ceramic or metallic materials, and as a viscosity con- 
trol agent in paste formulations. 

Thermally depolymerisable polycarbonates have been described by F.M. Houlihan, F, Bouchard, J.M.J. 
5 Frechet and G.G. Wilson in Macromolecules 1986, 19, 13-19. The materials which are described are tertiary 
copolycarbonates containing a tertiary diol structure which were prepared by using a solid-liquid phase-trans- 
fer-catalyzed polycondensation of the bis(carbonyiimidazolide) of 2,5-dimethyi-2,5-hexanediol with various 
other diols in the presence of finely powdered potassium carbonate. These copolycarbonates decompose 
cleanly upon heating to about 200°C with liberation of volatile materials, leaving no solid residue. 
10 We have now surprisingly found that thermally depolymerisable polycarbonates can be used as binders 
for a variety of powdered materials, and as shear thinning viscosity control agents in paste formulations. Fur- 
thermore, as they depolymerise rather than pyrolyse, they do not require the presence of oxygen and can be 
processed in an inert atmosphere such as nitrogen. 

Accordingly, the present invention provides a composition which comprises at least one powdered material 
15 admixed with at least one thermally depolymerisable polycarbonate, or a solution thereof, the thermally 
depolymerisable polycarbonate containing the repeating units 



w (Ri-O-C-O-RS-rj-C-O) 

where R 1 and R 2 are the same or different and each independently represents a hydrocarbon group containing 
from 4 to 30 carbon atoms, the said group having a tertiary carbon atom, an aJIyttc, propargylic or benzyl ic group 
attached directly to at least one oxygen atom. 
25 The thermally depolymerisable polycarbonates used in the present invention may be produced by the con- 
densation reaction between a diol, or a mixture of diols, and phosgene or a phosgene analogue such as 1,1 
carbonytdiim idazole. 

The polycarbonates owe their thermal lability to the structure of the diols which are used in their production. 
The diols generally possess tertiary benzylic, allylic or propargylic groups bonded to the hydroxyl functional 
30 groups in the diols. Examples of diols which may be used in the preparation of the polycarbonates used in the 
present invention include nvbenzenedimethanol, 2,5-dimethyl-2,5-hexanediol, 2-cyciohexen-1,4-diol, 2-bu- 
tyne-1,4-diol. p-bis<1-hydroxyethyl)benzene and a,a,a',a / -tetramethyl-1 ) 4-benzenedimethanol, or a mixture of 
two or more thereof. 

The thermally depolymerisable polycarbonates may be used, in accordance with the present invention, as 
35 binders for a wide range of powdered materials such as powdered glass, powdered ceramic materials or pow- 
dered or flaked metals or alloys, or mixtures thereof. The amount of the powdered material which, is mixed with 
the binder will depend upon the intended end use of the composition so formed. For example, if the polycar- 
bonate is to be used in a paste system, such as a solder paste, glass paste or a hybrid thick film or similar 
electrical paste such as indium tin oxide paste, the quantity of powdered material in the composition will gen- 
40 erally be in the range of from 50 to 98% by weight based on the total dry weight of the composition depending 
on the bulk density of the solids, and the specific gravity of both solids and liquids. However, when the thermally 
depolymerisable polycarbonate is used as a binder/pressing aid for a powdered ceramic materiel the powdered 
ceramic material will generally be present in the composition in an amount of from 80 to 99.999% by weight 
based on the total dry weight of the composition, and preferably less than 90% by weight. 
45 The thermally depolymerisable polycarbonate used in the present invention may be used in combination 

with other binders, such as ethyl cellulose or derivatives thereof in relatively small amounts. The use of other 
binders, in combination with the thermally depolymerisable polycarbonate, may be beneficial in controlling the 
rheology or other properties of the mixture. 

It will be appreciated that for some applications it will be necessary to dissolve the thermally depolymeri- 
se sable polymer in a solvent or a mixture of solvents, the choice of which is dependent on the application. Volatile 
solvents such as chloroform or 1,4-dioxane may be used when the function of the polycarbonate is to act as a 
pressing aid/binder. In the case of electronic pastes for silk screen printing etc., a solvent of low volatility for 
example a glycol ether or a derivative thereof, such as diethyleneglycol monobutyl ether acetate is preferred. 
The thermally depolymerisable polycarbonates used as binders in the present invention generally decom- 
55 pose at a temperature in the range of 200° to 250°C. Thus, when used as a binder for a solder paste the polymer 
will decompose during the use of the pastes, thereby leaving minimal residues. When the thermally depolymeri- 
sable polycarbonate is used as a binder/pressing aid for a ceramic powder material the polymer will depolymer- 
ise at a temperature in the range of from 200 to 250°C, even in an inert, non oxygen containing atmosphere. 
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or a reduced oxygen atmosphere. This is in contrast to many binders which have to be burnt out in an oxygen 
atmosphere and is particularly important in respect of ceramic materials such as S4N4 which are, or should if 
possible be, processed in an inert atmosphere, e.g. under a nitrogen blanket. Similarly, such a characteristic 
is also particularly desirable in the processing of nitrogen fired hybrid thick film pastes such as described in 
5 US Patents Nos. 45941 81 , 4600604, 4597897, 46541 66 and 4537703. 

It will be appreciated by those skilled in the art that it may be advantageous to use a mixture of thermally 
depolymertsable polycarbonates as the binder in the compositions of the invention. The use of such a mixture 
will provide the ability to vary the rheological properties of the binder or vehicle, the de polymerisation tempera- 
ture, the de polymerisation rate, etc. 
10 The present invention includes within its scope the use of a thermally depolymerisable polycarbonate as 
a binder for a powdered material, and as viscosity control agents in paste formulations. 

The present invention will be further described with reference to the following non-limiting Examples in 
which parts and percentages are by weight, unless otherwise stated. 



15 Designation of Materials 



Polycarbonates prepared from 2,5Kiimethyl-0 i 0'bis<lHmidazolylcarbonyl)-2,5-hexanediol and the follow- 
ing diols a, b, c and d were designated as polymers A, B t C and 0 respectively:- 

20 

Diol Polymer 



a - 1, 4-benzenedimethanol A 
25 b = 1,3-benzenediiaethanol B 

c = 80% 1,4- and 20% 1,3- 

benzenedimethanol C 
d = 2-butyne-l, 4-diol D 

30 

EXAMPLE 1 

Using chloroform as a solvent polymers A, B and C were combined with a silver flake and a low melting 
35 (350°C) glass powder to form a paste. 

The mixing ratio for each of the three pastes was as follows: 
Polymer and solvent 1 7 wt% 
Glass Powder 1 6 wt% 

Silver Flake 67 wt% 

40 The three pastes were applied to a number of substrate materials including alumina, black alumina, silicon 

wafer and zircon. The coated substrates were heated up to a temperature of 350° C. 

In all cases a successful bond was made by the silver paste to the substrate. The polymers were fully 
removed by the heat treatment at a temperature which is lower than which can be used to fully pyrolyse con- 
ventional acrylate, cellulose and vinyl, acetate based systems. Polymers A, B and C act as commendable vis- 
45 cosity modifying/binding agents. 



EXAMPLE 2 



Polymer C as described above was used as a pressing aid/binder for very fine ultra high purity barium tita- 
50 nate (BaTi0 3 - dso = 1 • 1 n. surface area 2.9 rr^/gm), a material which under normal circumstances will not press 
well, even with the addition of the common pressing aid polyvinyl alcohol (PVA). 

The polymer C was dissolved initially in diethyl en eglycol monobutylether acetate, to form a saturated sol- 
ution and this solution was added at 3wt% to the barium titan ate using excess acetone to aid mixing. The 
acetone was easily removed by evaporation prior to pressing the powder. The resulting dry powder was pressed 
55 into 20 mm diameter discs using a die press. 

As a control, barium titanate powder without the binder addition was treated with acetone as above and 
pressed at approximately 4000 psi into 20 mm diameter discs for comparison. 

After pressing both sets of discs were partially sintered by heating in air at 3°C per minute to 1175°C. 
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The discs prepared using the thermally depolymerisable polycarbonate, polymer C, were of good quality 
with no visible cracks. After heating the discs in air to 1 175°C, no cracks were apparent 

The control discs were of a poorer quality, the barium titanate pressing badly and cracks showing around 
the circumference of the discs. On heating to 1 175°C the edges of the discs flaked away. 

5 

EXAMPLE 3 

A binder was prepared from a mixture of 7.4wt% of polymer B and 6.9% of polymer C dispersed in dieth- 
yieneglycol monobutyl ether. At room temperature the binder was a semi-solid gel and suitable as a vehicle 
10 for making solder pastes. A mixture of 10wt% of the above gel, 0.25wt% of succinic acid and 89.75wt% of a 
63:37 tin-lead solder powder formed a structured paste which had a viscosity of 990 Pa s. When printed onto 
a ceramic substrate through a stencil and reflowed by heating in air to 21 5°C, a single solder ball formed as 
the binder decomposed and evaporated. 

15 EXAMPLE 4 

A binder was prepared from a mixture of 9wt% of polymer A and 91 wt% of diethyieneglycol monobutyl ether. 
This was a semi-solid gel which could be liquified by vigorous stirring, but returned to a stiff paste after stirring. 
A mixture 10wt% of the above gel, 0.25wt% succinic acid and 89.75wt% solder powder formed a structured 
20 paste with a viscosity of 1019 Pa s. When printed and reflowed by heating in air to 215°C it performed as in 
Example 3. 

EXAMPLES 

25 A binder was prepared from 5wt% of polymer C and 95wt% of diethyieneglycol monobutyl ether and used 

to form a solder paste as described in Examples 3 and 4. The viscosity, measured under the same conditions 
was 305 Pa s. The paste performed satisfactorily on printing and reflowing by heating in air to 215°C. 

EXAMPLE 6 

30 

A binder prepared from 2wt% of polymer A and 98wt% of diethyieneglycol monobutyl ether was a soft work- 
able gel. A solder paste made as in the previous Examples had a viscosity of 64.2 Pa.s. This paste was suitable 
for dispensing and reflowed satisfactorily on heating in air at 215°C. 

35 EXAMPLE 7 

A binder was prepared from a mixture of 10wt% of polymer A and 20wt% of polymer D in dipropylenegiycol 
monomethyl ether. A paste was made from a mixture of 8.75wt% of the binder, 0.25wt% succinic acid and 
91 wt% of 63:37 tin-lead solder having a particle size in the range of from 25 to 45 micrometres. When the paste 
40 was printed and reflowed by heating in air to 21 5°C a single solder ball was formed. 

EXAMPLE 8 

Sealing Glass 

45 

1 2g of Nippon Electric Glass LS01 1 3 (average particle size 1 2.5u) were mixed with 1 .5g of a 0.5% solution 
of polymer A dissolved in diethylene glycol monobutyl ether acetate as solvent. The resulting paste was thinly 
spread onto the two halves of a black alumina ceramic chip carrier which were then glazed and sealed at420°C. 
The resulting "cerdip" package was well adhered. Simultaneous DTA/TG thermal analysis of the sealing glass 
so paste showed that glass and fillers had not interfered with the low temperature evolution of the polycarbonate 
vehicle system, the organics being removed well below the melting temperature of the glass. 

EXAMPLE 9 

55 Thick Film Conductors - as described in US 4,567,1 51 
A batch of glass containing 



4 
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Wt% 

Bi 2°3 81.6 
si0 2 15.8 
PbO 2.6 



was mixed and melted at 1350°C in a platinium crucible. The resulting glass was ground and sieved to provide 
a powder having a particle size of 50% less than 2.7 micrometres as measured on a Malvern Mastersizer. 
10 Two pastes were made having the following composition: 



Metal Powder* 
Glass Powder 

15 

ZnO 

0.5% Polymer A dissolved in 
diethyleneglycol monobutyl ether 
to acetate 

* either Ag/Pd 70/30 powder with a 
2S particle size of 50% less than 1 

micrometre, or Ag powder with a 
particle size of 50% less than 
1 . 7 micrometre . 

30 

The pastes were printed through a 325 mesh British Standard screen onto 96% alumina substrates and 
dried for 1 5 minutes at 1 30°C. Two firing atmospheres, air and nitrogen were tested. The firing cycle comprising 
a fast ramp to 200°C followed by a 5 minute dwell time at 200°C, followed by a ramp up at approximately 35°C 
per minute to 850°C. After a dwell of 10 minutes, the samples were cooled at approximately 55°C/minute to 
35 room temperature giving a total profile time of 50 minutes. The pastes were also fired in a nitrogen rich atmos- 
phere to show that the polycarbonate decomposition does not require an oxygenated atmosphere. After firing 
the samples were tested for conductivity and all were found to give highly conductive films, possessing good 
adhesion to the substrate. 

40 EXAMPLE 10 

Thick Film Resistor - as decribed in US 4,597,897 

Wt% 
10.5 
40.2 
25.8 
18.9 
3.8 
0.8 

was melted in a platinium crucible at 1500°C. It was quenched, ground and sieved to a particle size of 50% 
less than 3.4 micrometres as measured on a Malvern Mastersizer. A paste was then produced using the 

5 



65 wt% 
11 Wt% 
2 wt% 



22 wt% 



A batch of glass comprising: 

45 



CaO 
Si0 2 

50 Bi 2 0 3 

A1 2 0 3 
Zr0 2 

Ti0 2 
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polycarbonate solution of Example 8 with 94 wt% of the solids being glass and 6 wt% solids LaB 6 . 

The paste was printed, dried and fired as in Example 9, in a nitrogen atmosphere and found to give a well 
adhered resistive film. 

The resistor paste was also tested to determine its rheological behaviour. The paste possessed the approp- 
5 hate shear thinning characteristics suitable for good screen printability. 

EXAMPLE 1 1 

Tick Film Dielectric 

10 

70 wt% barium disilicate glass powder (dso = 3.3u) of the following composition 





wt% 


BaO 


40.2 


Si0 2 


34.8 


A1 2 0 3 


3.1 


PbO 


16.2 


zno 


2.6 


B 2 0 3 


3.1 



25 was mixed with 30% of the polycarbonate binder as described in Example 8. The paste was printed through a 
325 mesh British Standard screen onto both 96% white alumina and 430 grade steel substrates, and dried and 
fired in air using the method of Example 9. The films produced possessed good insulating properties and good 
adhesion to the substrates. 

30 EXAMPLE 12 

Silver-Glass Die Attach 

The following glass was melted at 750°C and fritted into water. 

35 





wt% 


v 2 o 5 


41% 


PbO 


41% 


ZnO 


5% 


Bi 2 0 3 


10% 


P2°5 


3% 



45 

This was then ground, sieved through a 38 micrometre sieve and 1 .2g of the glass mixed with 8.8g of Handy 
and Harman silver flake 282. 2g of a 0.5% solution of Polymer A dissolved in diethylene glycol monobutyl ether 
acetate was added and the resulting paste used to adhere bare backed silicon die to black alumina substrates. 
The samples were ramped slowly to 380°C and fired for 10 minutes at peak temperature. The die were found 
50 to have adhered to the substrate. 

EXAMPLE 13 

10 grams of indium tin oxide (average particle size 8.0 micrometres) were added with continuous stirring 
55 to a 0.1 gram solution of Polymer A dissolved in 25 mis of chloroform. 

Keeping the mixture well stirred, it was warmed slightly to slowly remove the chloroform. When dry, the 
mix was deaggregated by brushing through a 1 50 micrometre sieve. 

The resultant powder was pressed into a 25 mm diameter pellet at a pressure of 55 MNrrr 2 using a small 



6 
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hand operated hydraulic press. 

The powder pressed well giving a good intregral, faultfree, pellet with creditable "green' 1 strength, whereas 
with no binder present a coherent fault-free pressed pellet could not be produced. 

5 EXAMPLE 14 

An appropriate amount of Polymer A was dissolved in excess anhydrous dichloromethane and slurried with 
20gms of silicon nitride/aluminium oxynitride/Y 2 0 3 ceramic powder mix (Syalon 1 02 - Vesuvius Zyalon Midlands 
Lid) and the solvent removed under vacuum in a rotary evaporator to yield a series of powders with polycar- 
10 bonate addition levels of: 

0, 0.1, 0.5, 1.0, 2.0, 5.0, 7.5, 10.0 weight percent 

The granular coated powders were brushed through a 150p, sieve and pressed into 19mm diameter discs 
at approximately 80 MNrrr 2 using a hand operated hydraulic press. 

It was found that an addition level of 2% produced the powder with the best ceramic processing charao 
15 teristics - namely, a free flowing powder which yielded defect free pressed pellets. 

The organic binder was removed by heating the pellets in a nitrogen atmosphere at 30°C per hour to 500°C, 
holding for 1 hour and then cooling to room temperature at 60°C per hour. 

This contrasts with conventional organic binders for ceramics which cannot be fully removed when fired in 
nitrogen. 

20 

Claims 

1. A composition which comprises at least one powdered or flaked material admixed with at least one ther- 
25 mally depolymerisable polycarbonate, or a solution thereof, the thermally depolymerisable polycarbonate 

containing the repeating units 



(R 1 -0-C-0-R 2 -0-C-0) 

30 

where R 1 and R 2 are the same or different and each independently represents a hydrocarbon group con- 
taining from 4 to 30 carbon atoms, the said group having a tertiary carbon atom, an allylic, propargylic or 
benzyl ic group attached directly to at least one oxygen atom. 

35 

2. A composition as claimed in claim 1 wherein the groups R 1 and R 2 in the thermally depolymerisable 
polycarbonate each independently represent a hydrocarbon group containing from 4 to 12 carbon atoms. 

3. A composition as claimed in daim 1 or claim 2 wherein the thermally depolymerisable polycarbonate is 
40 prepared by the condensation reaction between a diol, or mixture of diols, and phosgene or a phosgene 

analogue. 

4. A composition as claimed in claim 3 wherein the diol used in the preparation of the thermally depolymeri- 
sable polycarbonate is a diol containing a tertiary carbon atom, an allylic, propargylic or benzyl ic group, 

45 or a mixture of two or more such diols. 

5. A composition as claimed in any one of the preceding claims wherein the powdered material is a powdered 
glass, powdered ceramic material or powdered metal or alloy, or a mixture thereof. 

so 6. A composition as claimed in claim 5 wherein the powdered material is powdered glass or ceramic, or a 
powdered or flaked metal or alloy, or a mixture thereof, which is present in an amount of from 50 to 99.999% 
by weight based on the total dry weight of the composition. 

7. A composition as claimed in claim 5 wherein the powdered material is a powdered ceramic material which 
55 is present in an amount of from 80 to 99.999% by weight based on the total dry weight of the composition. 

8. A composition as claimed in any one of the preceding claims wherein a mixture of thermally depolymeri- 
sable polycarbonates is used. 

7 
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9. A composition as claimed in any one of the preceding ciaims wherein the thermally depolymerisable 
polycarbonate, or a mixture thereof, is dissolved in a solvent or a mixture of solvents. 

10. A composition as claimed in claim 9 wherein the solvent for electronic paste applications is a glycol ether, 
or a derivative thereof, or a mixture thereof. 

11- The use of a thermally depolymerisable polycarbonate containing the repeating units 



(Ri-O-C-O-RZ-o-fc-O) 

where R 1 and R 2 are the same or different and each independently represents a hydrocarbon group con- 
taining from 4 to 30 carbon atoms, the said group having a tertiary carbon atom, an allyiic, propargylic or 
benzylic group attached directly to at least one oxygen atom, as a binder for a powdered material. 

12. The use as claimed in claim 11 of a thermally depolymerisable polycarbonate as a binder for powdered 
glass, a powdered ceramic material, a powdered metal or alloy, or a mixture thereof. 

13. The use of a thermally depolymerisable polycarbonate containing the repeating units 



(Ri-O-C-O-RZ-O-c-O) 

where R 1 and R 2 are the same or different and each independently represents a hydrocarbon group con- 
taining from 4 to 30 carbon atoms, the said group having a tertiary carbon atom, an allyiic, propargylic or 
benzylic group attached directly to at least one oxygen atom, as a viscosity control agent and binder in 
paste formulations. 

14. The use as claimed in claim 13 wherein the paste formulation is a solder paste, glass paste or hybrid thick 
film paste. 
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